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Introduction and calmness).
Measures at post-recovery demonstrated that levels had returned to those reported at baseline. Alertness: The stressor task had no effect on self-rated alertness, F(3,114)= 1.42, p=0.24, partial η²= 0.04.
These analyses confirm that the TSST increased participants' perception of both stress and anxiety whilst it decreased mood. Cortisol concentrations increased throughout the task, whilst both self-rated stress and anxiety rose immediately prior and post-presentation, before normalising to baseline levels following the recovery phase. Both contentedness and calmness decreased prior to and after the TSST but increased to baseline levels following the recovery phase. These findings are consistent with the predicted acute change in both mood and stress due to the task.
Effects of Chewing Gum on Stress, Mood, and Anxiety during the Stress Task
The effects of chewing gum with respect to the TSST was explored by examining the main effect of chewing and the interaction between chewing gum and experimental stage (i.e. did chewing gum mediate any changes in stress and mood). Figure 1 displays the effects of chewing gum on the TSST stages for both cortisol and self-rated stress.
As demonstrated in Figure 1a , baseline cortisol levels were substantially higher (although not significantly, p=0.21) for the gum group (0.52µg/dL) compared to the no gum group (0.29µg/dL). To accommodate the disparity in baseline scores a 2x3 ANCOVA was employed, with baseline cortisol scores as the covariate. The main effect of gum condition was significant, F(1, 37)= 4.17, p= 0.05, partial η²=0.10, as was the gum condition by experimental stage interaction, F(2,74)= 4.49, p=0.01, partial η²= 0.11. Further analysis of this interaction (planned comparisons between gum and no gum at each stage with baseline measures as a covariable) revealed significant differences between the gum and no gum groups to be evident at both post-TSST (adjusted mean cortisol concentration for gum and no gum = 0.67 µg/dL (SEM = 0.08 µg/dL) and 0.45 µg/dL (SEM = 0.08 µg/dL), respectively: =4.20, MSe=0.12, p=0.048 ) and post recovery stages (adjusted mean cortisol concentration for gum and no gum = 0.89 µg/dL (SEM = 0.11 µg/dL) and 0.56 µg/dL (SEM = 0.11 µg/dL), respectively: F(1,37) =4.76, MSe=0.22 p=0.036) . No difference was found pre-TSST (F<1). These data suggest that when chewing gum under conditions of stress, cortisol levels are elevated to a greater extent compared to a non-chewing condition.
Self-Rated Stress:
The effect of gum on self-rated stress can be seen in Figure 1b . The main effect of chewing gum condition was non-significant, F(1,38)= 1.81, p = 0.19, partial η²=0.05. However, the predicted interaction between experimental stage and gum condition was significant, F(3,114)= 3.48, p= 0.02, partial η²= 0.08. Further analysis of this interaction (planned t-tests) revealed significant differences between the gum and no gum groups for both post-TSST (mean self-rated stress for gum and no gum = 44.35 (SEM = 6.00) and 63.35 (SEM = 6.00), respectively: t(38)=2.24, p=0.03) and post-recovery stages (mean self-rated stress for gum and no gum = 20.65 (SEM = 3.73) and 32.50 (SEM = 3.73), respectively: =2.25, p=0.03) . This indicates that gum moderated the increase in acute subjective stress.
State-Anxiety and Mood: For state-anxiety there was no effect of gum (F(1,38)= 1.45, p= 0.24, partial η²= 0.04) nor a gum by stage interaction (F<1). For calmness there was no effect of gum nor a gum by stage interaction (both Fs<1). For contentedness there was no effect of gum (F(1,38)= 1.33, p= 0.26, partial η²= 0.03) nor a gum by stage interaction (F(3,114)= completion of the TSST, in comparison to baseline score, produced significant increases in cortisol excretion and this increase was similar to self-rated increases in both stress and anxiety, and decreases in both contentedness and calmness. Although our finding that chewing gum acted to accentuate the cortisol rise is in contrast to Scholey et al. (2009) , it is consistent with the data of Smith (2010) . Counter intuitively perhaps, and in contrast to the cortisol data, we found that chewing gum attenuated the rise in self-rated stress (consistent with Scholey et al., 2009 : see also Smith, 2009a) , i.e. participants reported the post TSST and post-recovery task stages as less stressful whilst chewing gum.
The contrasting effects of chewing gum on physiological and subjective measures are curious and suggest that cortisol changes may not always reflect perceived stress (a point mooted by Scholey et al., 2009 ; see also Johnson et al. 2011 , where the stressor produced contrasting effects). It should be noted that the accentuating effect of gum on cortisol excretion cannot be explained by differences in baseline cortisol for the two groups. Specifically, when baseline scores were employed as a covariate, the chewing gum by experimental stage interaction indicated greater cortisol reactivity in the gum group. However, the use of ANCOVA does not mitigate for the possibility that (despite random allocation) participants in the gum group possessed greater stress reactivity. For example, higher trait neuroticism for the gum group would result in greater responsiveness to the stressor (Bolger and Zuckerman, 1995) . This may explain the disparity in baseline cortisol: participants in the gum group were experiencing greater anticipatory stress prior to the study commencement. Notwithstanding, it should be noted that trait anxiety did not differ between the groups. A related explanation concerns the disproportionate number of male participants (12) to female participants (8) in the gum group. It has been argued (Kirschbaum, Wüst, & Hellhammer, 1992 ) that males produce twice as much cortisol under conditions of stress. We tested this proposition via ANOVA with gender and experimental stage as factors. This showed no significant interaction between gender and experimental stage (F<1), suggesting equivalent cortisol reactivity in males and females.
The present study provides two curious findings with respect to Sketchley-Kaye et al. (2011) .
First, in both studies the TSST produced significant increases in self-rated anxiety. However, the increase was moderated by gum in the Sketchley-Kaye et al. study only. Second, the present study failed to replicate the accentuating effect of chewing gum on self-rated alertness found in previous work (e.g. Scholey et al., 2009; Smith 2009b Smith , 2010 Sketchley-Kaye et al., 2011) . However, speculative post-hoc analysis via independent sample t-test comparisons at each stage of the study revealed some evidence that gum was impacting alertness. No differences were found at baseline (mean alertness for gum and no gum = 65.10 (SEM = 3.20) and 58.40 (SEM = 3.79), respectively, t(38) =1.52, p=0.18) , or pre-TSST (mean alertness for gum and no gum = 63.25 (SEM = 3.84) and 59.60 (SEM = 3.91), respectively, t<1). However, alertness was significantly higher in the gum condition post-TSST (mean alertness for gum and no gum = 66.30 (SEM = 4.25) and 52.70 (SEM = 3.54), respectively, t(38) =2.46, p=0.02) , and borderline higher post-recovery (mean alertness for gum and no gum = 68.55 (SEM = 3.08) and 60.05 (SEM = 3.06), respectively, t(38) =1.96, p=0.06) . The observation that alertness effects were at the final sections of the study are consistent with Tucha and Simpson (2011) who reported beneficial effects of chewing gum on the latter stages of a sustained attention task.
In summary, the present study has shown that chewing gum can attenuate the increase in selfrated stress following an acute social stressor task. However, these effects are not mirrored by concomitant changes in cortisol excretion. Indeed, the present data suggest that salivary cortisol concentrations are elevated in the gum group. Considering the contradiction between measures of cortisol and self-rated stress, it may be beneficial for researchers to examine the role of demand characteristics in the subjective assessment of gum effects. The present data do, however, generalise the moderating effects of chewing gum on subjective stress beyond cognitive-load stress (Scholey et al., 2009 ) to include social-evaluative stress (although it is unclear why such effects are found intermittently, e.g. Johnson et al., 2011; Torney, Johnson, and Miles, 2009) . It is therefore, worth considering that social-evaluative stress and cognitive load stress represent qualitatively different experiences. Consequently, gum may have reductive effects for different reasons. Consider for example, the cognitive load stress described by Scholey et al. (2009) . Here, gum may improve cognitive performance (e.g. see Smith, 2009b; Wilkinson et al., 2002) , reducing stress epiphenomenally. In the present social stressor, the gum may provide a distracting activity that reduces participant focus on the observation process (e.g. Onyper et al., 2011 , argued that chewing gum required cognitive resources). Although both speculative explanations, future research is required to disambiguate the mechanisms of stress reduction. 
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